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INTRODUCTION > 1
Ground tests of the Helieopter Remote Wind Sensor (HRWS) were performed

at Biggs OpticaL Range (BOR) for the purpose of demonstrating the potential

-application of the HRWS as a low level cross wind measurement device for

_- surface-launched weapons ballistics. The test objectives were designed to

---- -attempt measurement of winds under a variety of atmospheric turbulence condi-

tions, shown in Table 1, and were conducted 25 Apr 1978 through 28 Apr 1978.

Results of the tests are presented in the sequel as comparisons of cross wind

computed from HRWS data and cross wind measured by BOR, using the Analog Wind

Adder (AWA) and Laser Crosswind Sensor (LCS) for the 500 meter range.

For a description of BOR, refer to Appendix A; for a description of HRWS,

see the Helicopter Remote Wind Sensor System Description report.

TEST SETUP AND GEOMETRY

HIRWS was riot designed foc surface measurements of wind, so it was necessary A
to manipulate its orientation and apply the point-pair wind computation method

(see Wind Computation Method) so that BOR comparable data could be generated.

It should be noted that in the test set-up, winds derived from HRWS output are

the results of space measurements while the BOR AWA winds are the results of

point measurements. One-minute averages of wind are used in comparisons to

obtain statistically valid values.

The sensor was elevated approximately 11 degrees to give a point-pair

separation of approximately 29 degrees in the horizontal plane (Figure I).

Due to uncertainties in actual orientation caused by motion of the van, the

point-pair used for wind computation was selected so that the plane of measure-

merit was slightly above the horizon, with an elevation of approximately 0.5

degrees. This choice was made to avoid measurements too close to or on the

ground.
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Position of the sensor was approximately 24 meters behind the first

amemometer station and offset from the array line by 6 meters with the cone

aIxis in a vertical plane parailel to the array line.

WIND COMPUTATION METHOD

Winds measured along two non-collinear rectors in a plane are sufficient

to deduce wind along two orthogonal vectors in that plane (Figure 1). Thus

any pair of sample points from a circular scan of the sensor can be used to

deduce wind in the plane defined by those points. However, the points should

he separated by at least 15 degrees because of measurement noise:

v + V

x _ , range wind

2cosy/ 2

V " Vy _ , cross wind.

2siny/2
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Both rang,e and cross win d Cal bt compltftd; however. for the lground test,

thi, :ross wind component. was the' principle datiun to be Conpared to the 11OR

output. lit th' BOR array only the first Stat ion was instrumented for :,'ige

wind. Since the V31 and other equipment general ly interfered with the rant~',

component of wind, comparison of range wind was not done for anlemoleter ++ I

DATA ANALYS I S

Analog tapes front the tests were run through a di.giti ing pro'Vss ,and

the resulting raw data were stored on disks. DaLa reduct.ion OMputer programs

developed for the IRY flight tests were modified to handle the ground test.

formats. Reduced data were then treated by a computer program desiged to

compute cross wind from the selected point-pair.

Large variations in the results, i.e., sudden changes in computed cross

wind led to additional examination of the reduced data. This examination

revealed the occurance of false doppler tracking by the 1IRWS. This false

tracking appears to be localized to a given portion of the circular S'a".

somewhere in the vicinity of 72' ± 10' with respect to the Vertical, Depend-

ing on the relative strength of false doppler and wind doppler, the measured

doppler signal for one point of the selected pair would he compromised, result-

ing in c,'mputat ion of an erroneous cross wind value. It is hvpothesi..ed that

false doppler is caused by degradation of part of the IIRWS optics.

An interactive computer program was designed for manual editing o" tLhe

data to remove erroneous measurements. Thus valid wind data were ,ecoVered

tor analysis.

For comparison to BOR data, the HRWS cross wind dat were condensed to

one minute averages for a range corresponding to tile first. anemometer stat. on

And for all ranges exceeding 24 meters. Table 2 suinnarises all data, while

Table 3 contains the results of comparisons as absolute differences. Three

types of' comparisons have been made: at single, range, HRWS v-. anemometer 41,

for the 500 meter path, HIRWS vs. the BOR AWA output; and, for the ,500 meter

path. IIRWS vs. the 1CS.
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The absolute ,itt ferences show best agreement at single range (Figure 2)

since tile sparc difference between tle point-pair is small and no integrated

path is involved tn the comparison. For the 500 meter path, there is generally

a bias between 11RWS and AWA or LCS. This bias might be due to the fact that

the IIRWS optical weighing function for far field measurements is not known.

The' greatest differences occurred in Test 4; it should be noted that both HRWS

and LCS showed large biases with respect to AWA.

CONCLUSIONS

The RRWS, operated as a low level cross wind sensor can accurately measure

winds under a variety of atmospheric turbulence conditions, with average

Absolute differences with respect to BOR of 0.6 m/s for point measurement, 0.8

m/s tor the near field and 1.3 m/s for a 500 meter path. The maximum absolute

differences found were 1.7, 2.0 and 3.3 rn/s. If an optical weighting function

for IRWS can be found, it is believed that far field average winds can be

accurately determined. The accuracy of measurements at a range less than 100

meters is very good, which should be expected, since the IERWS was designed for

that region. However, when tile HRWS was not operating as designed, optical

problems were compounded by tile frequency tracking method used in the sensor

electronics.
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I

GROUND T'T DATA SI ARY-

TE P IE SI NGL.E RANGE m/N ,OM PAT

Rl iBER AVERAGES IIRWS FIXED BOR SINGLE I RWS A\UTO BoR I CS
kill 1) RANGE WOIN I RANGE AWA

2-3 a 1.,, } N;\ i 5 ,.">5

H -fl 4.0 4,3 NA 3.5 3.3 . .- 3.8 3.5 NA 3 . 3.2

-2 " o 5,.') 5,t *. : .0 o , - .. .4-2 . 4.1 ..5

1 'I. 4.3 ..1

S2- 4.0 2.3 4 .5 3.55 - : 4 ,1 5..i!
o-7 4. 5, , 5.0 i 5 5.0.

_L3 ----- -

0-. 4.2 3.4 5.1 3.5 0 1.
1-2 4.1 5 I 3.3 .,0
2-3 3.4 34 3.5 -

, 3-4 3.7 2, 9 . 8 3. 1.7

0-1 3.3 2. T 4.1 ' .. .
2=3 2.4 ;J.2 . 7
3-42 '. 4 3.2 2. -

4-- 2.

5-o 2.6 3.1 3.1 2.8 "
7-7 1 3.0 3.4 2 3 3 I

83.5 2.70 2.7 ). .

6 o 3. 1 3 . 2.1 1 . 3

So2.7 I .1 2.0

-0- - -I -'1- y ,
-0- - 'I - I - 47~

S-0- - - - I

NiA : DatLa IlOt required ,i s Tes objectLvt
DAtLA considt, red invalid

'ab t)1e-

r.b=t 2



CROSSWIND ABSOLUTE DIFFERENCES (m/s)

RRWS vs BOR

TEST NUIBER SINGLE RANGE 500 M PATH
HRWS/ANEMOKETER HRWS/AWA HIRWS/LCS AWA/LCS

I 'MIN 0.1 L.0
%AX 1.3 N/A N/A 0.3
AVG o.6. 0.2

S. 2 0.2 '.0 0.0
MAX 1.7 1.1 1.0 0.3
AVG 0.7 0.6 0.6 0.2

MIN N/A N/A 4/A N/A
:bAX N/A N/A N/A N/A
AVG N/A N/A N/A N/A

4 MIN 0.0 1.2 3.0 1.3
MAX 0.8 2.0 3.3 1.8
AVG 0.6 1.6 3.1 1.5

5 MIN 0.3 0.3 .5 0.1
AX 0.8 1.4 1.5 0.4

AVG 0.6 0.8 1.1 0.3

6 MIN 0.1 0.1 0.0 0.1
MAX 1.0 0.6 0.7 0.3
AVG 0.5 0.3 0.2 0.2

MIN N/A N/A N/A N/A
WAX N/A N/A N/A N/A
AVG N/A N/A N/A N/A

8 XIN N/A N/A N/A N/A
MAX N/A N/A N/A N/A
AVG N/A N/A N/A N/A

9 N/A

. . 'ii 0.0 0.1 C6.LJ ,

TEST IIAX 1.7 2.0 3.3 1.8
AVG 0.6 0.8 1.3 0.5

Table 3

7



islant length
R rancze
w horizontil separazion of sample points 1 1/Z21
.0 r~ldt--,4 -f -- ni a ic - L;in -L0

cone angle of separation of sample points L 113'
)e auiguar separation of iampie points ;- 290HRZNA
9angle of elevation of sensor boreqitht lined z 11 HOIONA

V 4vV -V

.;COS~7 2 sinr/

HRWS HW
APERTURE + + + + + + +++ +++-++--F OEAI

Figure 1: Geometric Layout of HR14S on
BOR & Anemometer Arrav and Axis
of Laser Crosswind Sensor
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Appendix B

OPERATION BREAKWIND GROUND TEST

TELEMETRY COMPUTER FORMAT

From the |RWS telemetry computer format, the output is modified to include

IRIG "B" time from the time code reader. The word 0 and 1 of the HRWS data
frame are left the same and 5 words are added for IRIG "B" timing. The hours

40 and 20 min timing bits are left out of IRIG timing from the normal FM/FM

Lelemetry computer format to give a data frame as follows:

Word No. BIT POSITIONS

10_ 11T 8 12 1304 1MSB [! LSB

0 1 ange I ."-:, *
7  2 6 251 14 3 2 2 l 2 0 F F 4  F 12 2 0 "0" 1.~ ~~ _________ -- -

VCO
27 .6 51 4  .3 2 1 .0 F F 0 "0" 0 0

- al22 4 1 0 0j0
_ j!IINUTE S

2 I BLANK I ISI I

. 8 14 2 0 0 0
I i SEC

4 1SEC

I 4 4 2 2

I_ _ ____ 40 20 1

6 , ISEC ,, -.
i 8 4 2 i____ I ______

MSEC .

Or Subcommutator sync "on" only at word 0.

**Main frame sylic "on" onlv at word 0.
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BINARY TO WIND VELOCITY CONVERSION

Velocity Longitudinal Transverse
Channel Frequency Along Beam Velocity Velocity

6F-9 6.4 x 10 Hz 34 m/sec 35 m/sec 116 m/sec
63Kts 66 Kts 215 Kts

F-8 3.2 x 106 17 m/sec 18 M/sec 59 m/sec

31 Kts 33 Kts 108 Kts

F-7 1.6 x 106  8.5 m/sec 8.9 m/sec 29 m/sec

16 Kts 16 Kts 54 Kts

F-6 8.0 x 105 4.2 m/sec 4.4 m/sec 14 m/sec

7.9 Kts 8.2 Kts 27 Kts

F-5 4.0 x 105 2.1 m/sec 2.2 m/sec 7.3 m/sec

3.9 Kts 4.1 Kts 13 Kts

F-4 2.0 x 105 1.1 M/sec 1.1 m/sec 3.6 m/sec

2.0 Kts 2.1 Kts 6.7 Kts

F-3 1.0 x 105 .53 misec .55 m/sec 1.8 m/sec

.98 Kts 1.0 Kts 3.4 Kts

F-2 6.0 x 104 .26 m/sec .28 m/sec .91 M/sec

.49 Kts .51 Kts 1.7 Kts

F-i 2.5 x 104 .13 m/sec .14 m/sec .45 m/sec

.25 Kts .26 Kts .84 Kts

F-O 1.25 x 104 .066 in/sec .069 r/sec .23 m/sec

.12 Kts .13 Kts .42 Kts

* US, OOWANMNT PMINTING OFFICE: 19T7 - 67-14/37 1


